Abstract. Many social networks in our daily life are bipartite networks that are built on reciprocity. How can we recommend users/friends to a user, so that the user is interested in and attractive to recommended users? In this research, we propose a new collaborative filtering model to improve user recommendations in reciprocal and bipartite social networks. The model considers a user's "taste" in picking others and "attractiveness" in being picked by others. A case study of an online dating network shows that the new model outperforms a baseline collaborative filtering model on recommending both initial contacts and reciprocal contacts.
Introduction
Nowadays, online social networking and social media websites attract billions of people [1] . These services not only change how people search and spread information, but also have great impact on the way people get to know and interact with each other. Along with their popularity and importance, the business values of these websites are also well recognized. To improve users online experience and boost their levels of activities or engagement, most of these websites deploy recommender systems to help users find friends or other users of interest.
In the literature, many approaches for friend/user recommendation in social networks utilize network structures. One popular idea along this direction is that the more common neighbors two users share, the more likely the two users will be connected [2] . In addition, other approaches based on network structural features, such as the social balance in triad [3] and the multi-relational perspective of social networks [4] , have also been used for link prediction, including networks with reciprocity [5] . However, these approaches do not directly apply to bipartite social networks, in which there are two types of nodes and an edge only exists between two nodes of different types. For example, in a heterosexual dating network, only a male user can be connected to a female user. No matter how many female common neighbors two male users share, there will be no edge between the two male users.
Collaborative filtering (CF) has been used for recommendation in bipartite networks that include both people and items [6] , such as the consumer-product network in Amazon.com. Recommendations are based on the similarity between people or items. However, links in a consumer-product network are built in a parasocial or unilateral way, because products can only be passively chosen by people in sale transactions. By contrast, social networks consist of autonomous people. Many social networks (e.g., Facebook and LinkedIn) are based on reciprocity: a link between two users can only be established if both users agree to be connected to each other. People in these reciprocal networks actively make decisions to initiate or accept connections based on their own preferences. Little research has tackled the problem of recommendation in bipartite reciprocal social networks. [7] recognized the importance of reciprocity in online dating recommendation and used data mining techniques for dating link prediction.
In this research, we propose a simple yet effective CF model to improve user recommendation in reciprocal bipartite social networks. We evaluate the new approach using metrics that reflect the effectiveness of recommending both unilateral and bilateral connections.
The social network in an online dating website is used as a case study. In addition to being a typical bipartite social network with strong reciprocity, online dating is chosen for two other reasons: First, online dating websites are very popular. In the U.S., 37% of all single Internet users looking for a partner have visited an online dating website [8] . In 2011, it was estimated that the online dating business is worth more than 2 billion British pounds [9] . Second, user/partner recommendation is especially important in online dating. While Facebook or LinkedIn users can directly search the names of their acquaintance, users of online dating websites usually do not know many people in the social network and rely more on recommender systems to find potential partners. Thus by improving user recommendation, an online dating website could potentially attract more users, improve their satisfaction, and generate more revenues.
The Proposed Approach
In a consumer-product network, products picked by a consumer collectively reflect the consumer's preference. Similarly, looking at whom a user approaches
